The failing malignant liver Acute liver failure, defined as hepatic encephalopathy developing within 12 weeks of jaundice in the absence of a previous history of symptomatic liver disease, 1 is a medical emergency. Accurate recognition of the underlying disease is crucial to enable specific therapy, when available, to be instituted. Rowbotham et al (see page 576), in the most comprehensive examination of this topic to date, discuss the importance of malignant hepatic infiltration as a cause of acute liver failure. This is, however, an undoubtedly rare cause for this presentation in the UK, responsible for only 0.44% of all cases of liver failure admitted to the King's Unit since 1978.
This syndrome can occur in a number of scenarios. Firstly and most importantly, patients with no previous history of malignancy may develop fulminant liver failure and present as a diagnostic problem. Secondly, acute liver failure may develop in a patient with previously diagnosed malignancy but without known liver involvement. Finally, fulminant liver failure may be seen as a terminal event in a patient already known to have primary or secondary hepatic malignancy. Such patients, although not fulfilling the strict diagnostic criteria for acute liver failure, may provide further insight into the likely mechanisms of liver failure in malignancy.
In a patient presenting with acute liver failure with no cause apparent, the diagnosis of hepatic infiltration should be considered but may be surprisingly diYcult to make. Certain clinical and biochemical parameters may heighten the suspicion of infiltrative disease. All patients in the King's series had a non-specific prodromal illness for 1-8 weeks prior to presentation. Jaundice tends to be milder compared with other causes of acute liver failure whereas hepatomegaly is more pronounced (indeed in many cases of acute liver failure the liver is small). In contrast to liver failure resulting from paracetemol overdose, signs of cerebral oedema are rare in malignancy with only one case report 2 describing the occurrence of pupillary abnormalities and decerebrate posturing as a terminal event in a patient with non-Hodgkin's lymphoma. The finding of lymphadenopathy and splenomegaly clinically or on imaging is helpful in recognising cases owing to lymphoma, but is not helpful in the diagnosis of other malignancies. Abnormal liver texture was noted on imaging in less than half the cases described by Rowbotham et al. Massive increases in aminotransferases (up to 100-fold elevated) can occur with malignant infiltration 3 4 5 and would help to exclude acute alcoholic hepatitis, which may occasionally be misdiagnosed in this setting. 6 Lactic acidosis and a disproportionately raised lactate dehydrogenase are suggestive of haematological malignancy. 7 Sugano and Suzuki recently reported the finding of a notable increase of the brain isozyme of creatine kinase (CK-BB) in a patient with hepatic failure and non-Hodgkin's lymphoma and suggest it may be useful as a marker of ischaemia of hepatic sinusoidal cells. 8 The specificity of this test needs to be evaluated. No clinical or biochemical features are suYciently specific to obviate the importance of a tissue diagnosis. Reassuringly, in the King's series, there were no complications reported from liver biopsy (percutaneous, transjugular or via laparotomy) in the eight patients in whom it was performed. Frequently there may be only a narrow window of opportunity for safe biopsy in these rapidly deteriorating patients. 3 Alternate sources of tissue for diagnostic purposes include bone marrow and lymph nodes.
In the second group of patients a history of previous malignancy will alert the clinician to the possible infiltrative cause of liver failure. Haematological malignancies are implicated most commonly, in particular Hodgkin's and non-Hodgkin's lymphoma, as well as malignant histiocytosis, acute leukaemia and, recently described, Richter's transformation of chronic lymphocytic leukaemia.
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Other less common causes are breast, colon, gastric, and small cell carcinoma. 4 9 Occasionally, the history of malignancy may be remote and the patient believed to be tumour free. 10 Alternately, the patient may have a predisposing condition to malignancy only, such as coeliac disease 2 or autoimmune haemolytic anaemia (Rowbotham et al). The diVerential diagnosis of acute liver failure in patients with malignancy should also include the possibility of chemotherapy or radiotherapy induced liver failure, or of reactivation of underlying chronic hepatitis B liver disease, described as a complication of chemotherapy.
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The third group of patients is those where hepatic failure occurs as a terminal event in the setting of advanced malignant disease. This may be under-recognised as a clinical entity for in such patients hepatic coma may be mistakenly attributed to severe constitutional disease, cerebral metastases, drugs or sepsis. 9 Eras and Sherlock found in a retrospective study that 7.2% of hospitalised patients with hepatic metastases had evidence, albeit only clinical, of hepatic encephalopathy but in over half this was not recognised or treated. 9 A number of mechanisms are proposed to explain the pathogenesis of infiltrative liver failure and these are clearly discussed by Rowbotham et al. Massive cytokine release has been implicated as a cause of liver failure and this theory is particularly attractive given the fact that responsible cytokines, such as interleukin 2, are released by lymphomas, the commonest malignancy responsible for acute liver failure. This mechanism explains why liver failure can occur despite a relatively low, or even absent tumour burden in the liver. 12 Cytokine release can cause liver failure by damaging bile ducts both directly and via recruitment of eVector cells, and by activation of leucocytes and hepatic sinusoidal cells, thus impeding hepatic sinusoidal microcirculation. Ultimately, liver failure occurs as a result of ischaemia, probably as a consequence both of cytokine release and on occasion from direct physical compression of hepatic sinusoids by the expanding tumour mass. 10 Acute liver failure can occasionally reverse very quickly with appropriate chemotherapy, 3 consistent with the mechanisms outlined above, whereas if liver failure occurred as a result of the loss of a critical mass of hepatocytes due to replacement with malignant cells, rapid improvement would not be anticipated. The direct eVect of tumour infiltration with replacement of hepatocytes is probably more important as a mechanism in nonhaematological malignancies such as small cell carcinoma. 4 13 Liver failure may also occur due to ischaemia produced by tumour emboli compromising the portal venous circulation, particularly in primary hepatocellular carcinoma.
14 A further mechanism proposed is liver failure due to hepatic venous obstruction (secondary to emboli, hypercoagulability or a compressive mass).
Unfortunately, the prognosis of patients with acute liver failure resulting from malignant infiltration is dismal. The few survivors are those with haematological malignancies 3 7 in whom, crucially, the diagnosis was made promptly and treatment instituted. The only survivor in the King's series (Rowbotham et al) was a patient where chemotherapy was initiated by the referring hospital prior to transfer. Unfortunately, survival is not reported for patients with non-haematological malignancies, such as in our own personal experience with two patients with small cell and breast carcinoma. Despite being unable to oVer potentially curative treatment in this group, recognition of the diagnosis is important to ensure that these patients are not inappropriately listed for liver transplantation. Gut epithelium: food processor for the mucosal immune system?
To those outside the field of mucosal immunology it must seem incredible that we do not yet understand something so basic as the interaction of protein antigens with the intestinal epithelium. Although we now know in some detail the mechanisms by which the mucosal immune system is regulated and we can construct elegant adjuvantpeptide fusion proteins with systems capable of precise delivery in conjunction with what we think are appropriate cytokines, we know very little of what happens to even the most simple protein antigens during transport. Conversely, the emergence of several good rodent models of intestinal inflammation has had a major impact on our understanding of inflammatory bowel disease pathogenesis, but without further information on T cell-epithelial cell-antigen interactions, the vital mechanisms of the initial "barrier" defect will continue to elude us. Are antigens selectively degraded during transport across the epithelium? If so, is this essential to the maintenance of immune homeostasis? How is the relative transport of intact protein, peptides and amino acids controlled and is the maintenance of a "normal" flora important in this control? All these are vital questions to which we have few sensible responses.
Macromolecular transport by the adult gut epithelium was established in the 1970s, in particular by the extensive work from Allan Walker's laboratory.
1 Some answers (but even more questions!) have been provided in the past decade by workers analysing antigen processing and presentation by isolated gut epithelial cells.
2 These studies, which were stimulated by the discovery of MHC antigen expression by absorptive enterocytes, give some indication that antigens are modified by enterocytes, but prolonged analysis of isolated enterocytes in primary culture is impossible. Studies in vivo, with induction of mucosal tolerance as a readout, have shown that tolerance after feeding is dependent on gut processing of fed antigen at some level and indeed that gut processed antigen which has been absorbed into the serum has distinct characteristics and can transfer tolerance, 3 4 but the role of the epithelium in this processing has not been investigated further. The reasons are complex, but largely boil down to a lack of appropriate in vitro systems for analysing such a complex tissue. The development of polarised intestinal epithelial cell lines has supplied potential models, but the questions asked must be appropriate to the model and the predictions made must be cautious.
In this issue (see page 538), Terpend et al have used HT-29 epithelial cell monolayers in Ussing chambers to determine the transport of horseradish peroxidase (HRP) and its products across a model intestinal epithelium. They show that under control conditions, HRP is transported from apical to basolateral surfaces as intact molecule, peptides and amino acids. The peptide products have been characterised by molecular weight using steric exclusion HPLC as a peak containing a heterogenous group of degradation products and a separate peak comprising peptides of around eight amino acids. This latter group represents peptides capable of binding to MHC molecules for presentation to T cells.
Based on these results, we can speculate that if HT-29 in vitro mimics the transport characteristics of small bowel epithelium in vivo, then the epithelium is capable of taking an active part in processing dietary proteins to immunologically relevant peptides. Other work from this same group suggests that the balance which the epithelium maintains between absorbed native protein and absorbed degradation products may be important in preventing food allergy. 5 However, the "if" is considerable in a tissue in which the maintenance of cellular diVerentiation, polarity, microvillus development, ion channel integrity, tight junction complexity, basement membrane interaction, and cytokine profile (to name but a few known parameters) are essential to stable function. The authors have gone to considerable lengths to control for the limitations of the system and to analyse peptides, monolayer integrity and proteolytic enzymes using appropriate methodology-unfortunately, not universal practice among the increasing numbers of workers using epithelial cell lines, often inappropriately, for analysis of gut epithelial function. We can only make the leap from such relatively simple systems to confident statements on the enormously complex in vivo situation if such appropriate methods and assumptions are used.
The results also show, not surprisingly, that basolateral interferon (IFN-) causes the monolayer to become leaky and, interestingly, that this induced leakiness does not aVect the relative proportions of transported intact HRP (presumed paracellularly) and degraded HRP (presumed transcellularly). Recent work by other groups has shown that transcellular and paracellular HRP transport and the relation of native to degraded antigen are diVerentially modulated in rat intestine after mast cell degranulation, 6 or in biopsy tissue from individuals with atopic eczema. 7 Clearly, the eVects of diVerent types of local immune activation on the degradation of antigen by enterocytes and on tight junction eVectiveness are complex.
The increased transport of HRP with IFN-treatment in Terpend et al's study was not reflected by changes in the intracellular proteases analysed. More detailed analysis of these enzymes and changes in their expression due to proinflammatory cytokines is both suggested by these results and essential to understand the epithelial degradative capacity. The lack of eVect of IFN-on cathepsin expression in HT-29 confirms the recent report of Hershberg et al, 8 but the Hershberg group showed diVerent eVects with diVerent cell lines-cathepsin B was increased in T84 cells after IFN-treatment, but not cathepsins L or H or aspartic proteases. Again, this suggests that we must use caution in the wider interpretation of studies using these model systems.
HLA-DR was only present after IFN-induction in the HT-29 cells. This might indicate that as the proportions of native to degraded protein are similar in control and IFNtreated cells, MHC class II proteins are not important in providing a protected transport route for certain peptides. 9 However, the role of MHC class II in enterocytes-it is expressed constitutively in normal human and rodent intestinal epithelium-is a complex issue and will only be resolved by analysis of dietary peptides bound to epithelial MHC class II proteins, as the authors suggest.
This work adds significantly to our understanding of the transport and processing capacities of the intestinal epithelium. Together with previous work with ex vivo epithelial cells and in vivo analyses, it allows us to predict that the gut epithelium is an active participant in the generation and regulation of immune responses to enteric antigens and that these responses can, in turn, feed back and modulate epithelial cell function. Is the hepatocyte a Trojan horse for hepatitis C virus?
Hepatitis C virus (HCV) is a major public health problem around the world, with a prevalence ranging from 0.5 to 2% in most developed countries. After acute infection, spontaneous remission is a rare event. Although long term consequences of HCV infection are controversial, there is a consensus emerging that HCV infection is a progressive disease resulting in liver failure in some but probably in a minority of infected individuals. Patients who lack biochemical evidence of liver injury may be an important subset with a "more benign" natural history. In the rare situation where spontaneous cure occurs after acute infection, aminotransferase activities normalise and HCV RNA becomes undetectable in serum. By contrast, the serological profile shows minor modifications with time. With chronicity, serum HCV RNA remains detectable in the vast majority of individuals. Undetectable HCV RNA in serum in patients with abnormal liver enzymes may be related to low viraemia, be under the limit of detection of virological assays, or be due to a fluctuating course. In anti-HCV positive individuals with normal enzymes, however, the lack of serum HCV RNA has been interpreted as complete cure of the infection. However, the study by Haydon et al in this issue (see page 570) challenges this interpretation. These investigators have documented HCV RNA in liver in the majority of patients with exposure to HCV (confirmed by RIBA 3) whether or not virus was detectable in serum, suggesting that residual HCV infection occurs not only among those individuals with abnormal liver enzymes but also among those considered to have "resolved infection".
Although a high correlation exists between third generation assays and HCV RNA in serum, 2 a small subgroup of patients remains, focused on in this study, which are RIBA 3 positive but HCV RNA negative in serum, regardless of liver enzymes. The question arises whether this represents a past cured infection, mainly in those with normal enzymes, or whether it represents an actual infection with undetectable serum HCV RNA. The authors sought to resolve this question by assessing intrahepatic HCV RNA levels in two diVerent groups of subjects: (i) 12 patients with the above mentioned characteristics, seven of whom had normal aminotransferase activities; and (ii) 86 patients with the classic picture of chronic HCV infection (RIBA 3 positive and detectable serum HCV RNA by reverse transcription polymerase chain reaction (RT-PCR)). The main findings can be summarised as follows: (i) 87.5% of patients without detectable HCV RNA in serum were HCV RNA positive in liver, suggesting that these patients had a true infection; (ii) serum RT-PCR negative and positive groups were similar with regard to demographic, histological and virological data, suggesting that RT-PCR negative patients may indeed have clinically significant liver disease; and (iii) intrahepatic viral levels were not associated with any host or viral factor, including age, sex, duration of disease, mode of HCV acquisition, alcohol consumption, disease severity, and viral genotype.
This study represents a further step in the understanding of the mechanisms of viral induced liver disease and supports the hypothesis that it is immune mediated rather than cytopathic.
3 Previous studies done in "apparently healthy blood donors" have reported similar results with high rates of liver damage in anti-HCV positive individuals with or without viraemia and normal aminotransferase activities.
1 When analysing these data, however, several factors should be clearly defined in order to compare the results. The first is the definition of persistently normal aminotransferase activities. Due to the fluctuating nature of chronic HCV infection, repeat tests for alanine aminotransferase (ALT) activities are needed in order to diVerentiate those individuals with intermittently raised ALT from those who have truly persistently normal activities. The second issue is RT-PCR variability. Undetectability of serum HCV RNA by RT-PCR may be a false negative result from inadequate specimen handling and storage, type of sample used, incorrect design of amplification primers or serum contamination with interfering substances. 4 Indeed, sensitivity of RT-PCR assays has been shown to vary from one centre to another, especially when in-house methods are applied. 5 Furthermore, although PCR is a highly sensitive technique, there is a limit of detection below which a very low rate of replication may not be detected. Finally, absence of viraemia may result from time dependent fluctuations in serum HCV RNA levels. The methods used by Haydon et al were meticulously applied state of the art techniques, and HCV RNA was assessed at three diVerent time points in order to eliminate the bias of time dependent variations in viraemia. Moreover, intrahepatic HCV RNA was detected in the majority of patients with histologically confirmed liver damage, suggesting that HCV RNA was not detected in serum as a result of a low viraemic status rather than methodological diYculties.
Despite improvements in the diagnosis of HCV infection, we have little information about factors which determine progression of disease.
3 An intriguing question which is under investigation is the relation between genotype, HCV replication and histological severity. Conflicting results exist as to the association between genotype 1 (subtype 1b) infection and severe liver disease, independent of viral load. In some of the studies where an association has been found, patients with HCV genotype 1b had higher levels of viraemia, suggesting that this particular genotype was capable of inducing more severe liver disease through its greater replicative capacity. Indeed, other studies have found an association between genotype 1 and higher HCV RNA levels. Studies relating genotype to HCV RNA levels or assessing the independent eVect of both factors must be interpreted with caution however, as some primers and/or probes used to quantify HCV RNA hybridise with diVerent eYciency to diVerent genotypes. 6 More recent studies, using appropriate correction factors for the bDNA version 1.0 assays or using diVerent means of quantitation, have not found diVerences in HCV RNA levels among genotypes. 7 Haydon et al, using limiting dilution PCR with primers from 5'NCR provide further support for this observation.
The association between HCV RNA levels and disease severity, independent of genotype, is also controversial. One possible reason is the existence of inaccuracies in viral quantitation. In order to avoid them meticulous attention must be given to processing of serum samples, 3 yet methods of processing have varied from study to study. An inherent assumption in all the studies is that HCV RNA quantified in serum reflects HCV RNA in liver, and that HCV RNA detected in a needle biopsy sample is representative of HCV RNA levels in the liver as a whole, both of which have been shown in recent studies. 8 Haydon et al support this assumption as serum RT-PCR positive patients had higher levels of intrahepatic HCV RNA than serum negative ones.
Thus it seems that quantitation of HCV RNA in serum is a reasonable reflection of viral quantitation in hepatocytes with non-viraemic anti-HCV positive patients simply representing the lower end of the spectrum of patients with HCV infection-that is, those with very low replication rate below the limit of detection of the PCR. A comparable group of patients are those who respond biochemically and virologically to interferon. Indeed, relapse has been shown to occur, even several years after patients seem to have achieved a treatment induced "cure", emphasising the concept that negative serum HCV RNA does not necessarily imply complete cure. 9 In some of these cases, liver HCV RNA is still present, suggesting that the rate of replication is too low to be detected by current assays. In contrast, negative HCV RNA both in liver and serum has been associated with sustained response to treatment. 10 In conclusion, (i) the detection of HCV RNA in liver demonstrates residual HCV infection in patients who have up until now be considered to have resolved infection. These data explain the presence of liver injury in the vast majority of so called "healthy HCV carriers", and raises serious questions as to whether a true "HCV healthy carrier state" really exists. Only careful prospective natural history studies of patients with confirmed seropositivity for HCV yet persistently normal liver enzymes or undetectable serum HCV RNA will be able to answer these questions.
(ii) The virological, epidemiological and histological similarities between viraemic and non-viraemic anti-HCV individuals and the absence of a correlation between intrahepatic HCV RNA levels and disease severity represent additional data that favour an immune mediated mechanism of liver injury in HCV infection. (iii) Antiviral therapy should be considered for patients with HCV related liver disease whether or not they have delectable virus in serum as the majority will have virus in liver and histological evidence of hepatic disease. (iv) Similar precautions and advice regarding transmission should be applied to anti-HCV (RIBA) positive patients whether or not virus can be detected in serum. 
